Introduction
Restoration of semi-natural grassland communities involves a combination of sward disturbance to create a temporal window for establishment and target species introduction, the latter usually accomplished by seed sowing [1] .Disturbance is an important factor in maintaining species richness in plant communities [2] .It operates on adult plants by providing regeneration niches for recruitmentif it has greater relative impact on dominant species [1, 3, 4] .Gap creation has been shown by many authors to be a key requirement for diversity maintenance in grassland communities [5] and necessary for successful seedling establishment of many species [6] , as many species are limited by microsite [7] , seed [8] .Gaps providean opportunity for regeneration from seed alreadypresent in the seed bank, existing vegetation, or byintroduction from outside the site. This is true not only for guilds of annuals and biennials [7] , but also for the replacement of perennials [9] . Both Agropyron cristatumandStipakryloviihave the same photosynthetic pathway and are resistant to drought.They are native perennial grasses with good palatability and high forage value in northern China, especially in the Inner-Mongolia steppe [10] . In the eastern parts of typical steppes of Inner Mongolia, Stipa kryloviiis often a sub-dominant species with Leymus chinensis dominant, and Agropyron cristatum is mostly a companion species in a semi-arid grassland community [10, 11] . However, nearly 86% of these grasslands are facing degradation or have been degraded in recent decades due to excess reclamation and overgrazing. Climate change and human activities have amplified the magnitude of these disturbance events [12] .To understand the implications of these disturbance conditions for community structure and stability, the conceptualization of "gap disturbance" seems necessary. Studies on the effects of gaps in Stipa kryovii and Agropyron International Forum on Energy, Environment and Sustainable Development (IFEESD 2016) cristatum seedling establishment can give a better understanding of restoration mechanisms for degraded steppe of Inner Mongolia and will also provide knowledge for the gap disturbance theory.
Materials and methods
The experiment was carried out in the Grassland Vegetation Restoration and Reconstruction Key Laboratory of China, Ministry ofAgriculture Experiment Station (41°52′N, 115°50′E, altitude 1370m), Saibei administrative region, Hebei province, China. The experiment was conducted in a split-plot design, and in each plot a randomized block design was used. The main plots consist of two different species separately(Agropyron cristatum, Stipa krylovii).We refer to a gap with the presence of neighboring roots and loss of photosynthetic biomass as a "canopy gap," or we can call it "shoot gap," and a shoot gap with neighboring roots excluded as a "root gap" [6] .There wereseventreatments randomized in each of eight replicate blocks in one plot.The treatments were no gap (control),and shoot and root gaps each with diameters of 10, 20 and 40 cm.Before the experiment started, shoot gaps were created by the removal of both above-and below-ground biomass without any restriction to the neighbor roots re-growth into the gap, and root gaps were created by using a cylindrical PVC pipe to restrict neighbor roots re-growth into the gaps. Ten seeds of each species were sown into the center(8 cm in diameter) of each gap or under the intact canopy for the control at a depth of 2 cm. The number of emerging seedlings was recorded daily and identified with colored markers untilno new seedlings emerged. For all the surviving seedlings, five replicates of each treatmentwere randomly chosen, cut at the soil surface, then dried at 80˚C for 48 h and weighed. The experiment was performed in an enclosure to prevent damage to seedlings from trampling or grazing by domestic livestock. Soil temperature and moisture were measured at 5-cm weekly after the cessation of watering, by using a Moisture Meter-HH2 (Delta-T Devices Ltd.) with a wet senor WET-2 (Delta-T Devices Ltd.)
Results and Discussions
Emergence was observed in all gaps within 2 weeks after sowing the seeds, and continued over the next 10 days.Both Agropyron cristatum and Stipa krylovii's seedling emergence percentage in gaps were far greater than in the controls. All percentageseedling emergence for both species was>50%, the highest being Stipa krylovii in 40-cm shoot gap treatment with a percent seedling emergence of 74%. All the percent seedling emergence of Stipa krylovii were more than that in the laboratory. Gap types didn't show a significant impact on the emergence of two grass species (P=0.077), but gap size had a significant effect on percent seedling emergence (P<0.001).Percent seedling emergence increased as gap areas increased forboth Stipa krylovii and Agropyron cristatum. Both gap size and gap style(shoot gap and root gap) had no significant effects on Stipa krylovii's survival rate. However, although there is not a statistically significant differencein Stipa krylovii, the survival rates of roots gapsare slightly higher than that in shoot gaps.Gap size showed a significantly negative effect on the survival rate of Agropyron cristatum(P<0.001), showing a trend of decreasing survival rate as gaps increased in size. The lowest survival rate of Agropyron cristatum was only 17%(40cm-shoot gap). And also we can see from Fig.1 , the survival rate of Stipa kryloviiwas much higher than that of Agropyron cristatum. For Agropyron cristatum, early rates of mortality were similar in all gaps in July, the first month after germination; few seedlings established successfully in any sized gap although Agropyron cristatumhas a relatively high emergence rate. Grazing by weevil and invertebrates were found during the early period of seedling establishment for both species, and the grasshopper species Oedaleus asiaticus played the main part of loss of photosynthetic biomass. Predation by these insects accounted for more than 30% of mortality among seedlings in large gaps in Agropyron cristatum but had no effect in Stipa krylovii. Agropyron cristatum appeared to be more palatable to insects and showed a performance trend of increasing chance of grasshopper herbivory as gap size increased.
Microclimate
Seasonal changes in soil moisture were similar among each treatment. However, gap size and gap style(shoot gap and root gap) affected soil moisture significantly(p<0.001,P<0.001). Both gap treatments raised soil moisture significantly(P<0.001) compared to the control. Soil moisture increased significantly when rainfall occurred and then decreased quickly. Soil moisture was greatest in the 10-cmroot gap treatmentsand least in the control. The highest soil water content was 30.6%, and the lowest was only 3.75% in the control. Soil moisture in root gaps was significantlyhigher than that in shoot gaps and controls. . During these events, the soil moisture reached the saturation point.The difference in soil moisture between treatments and control and within treatments was slight. When the grassland sustained a long period of dry weather or the effective precipitation amount was small, especially after the middle of August, soil moisture in the root gap treatment was obviously higher than that of the shoot gap treatment and control.However, the contents show similar decreasing trends( fig.2) . Effects of gap on soil temperature Gap disturbance increased the soil temperatureby 1-2˚C compared to the controls, but this was not statistically significant.Gap size and gap type have no significant effect on soil moisture respectively(P=0.416, P=0.464).The lowest soil temperature always occurred in the control. Within the same gapsize, soil temperatures of shoot gaps treatments were slightly higher than that of root gap treatments. Highest soil temperature was often in the plots with the largest gap size.
Conclusions
It was shown that gap size significantly promoted the seedling emergence percentage, the larger the gap area, the higher the emergence of both species.Stipa krylovii's survival rate was significantly higher than that of Agropyron cristatum in all treatments. Both gap size and root exclusion (shoot gap and root gap) had no significant effects on Stipa krylovii's survival rate. However, the survival rate of Agropyron cristatumdecreased significantly with the increase of gap size.The lowest survival rate of Agropyron cristatum was only 17%(40cm-shoot gap).Large gap size increased the chance of Agropyron cristatumseedling predation. Predation by insects was the main limiting factor in the successful seedling establishment of Agropyron cristatum. Gap size and root exclusion had significantly positive effects on seedling establishment. However, the performance of Agropyron cristatumwas opposite that of Stipa krylovii, it suffered the limitation of new habitat, and its tolerance to predation was worse than that of Stipa krylovii.It's more palatable to grasshoppers and weevils. Selective predation and difference in insects feeding tolerance appeared to explain the composition of this community.
